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® Control circuit for a continuously variable ratio transmission. 

® A continuously variable ratio transmission (1) of the 
rolling friction type has a hydraulic control circuit. The 
circuit includes an electromagneticaJty actuated control 
valve (23} and is arranged such that the force exerted on 
the control valve is always proportional to the roller (5) 
reaction torque, even when the ratio is changing. The 
transmission ratios obtainable are limited by hydraulic 
end stops (18) located downstream of an end loading de- 
vice (25) for the transmission so that roller torque and 
end load are related under the majority of circumstances. 
An ultra high pressure blow-off valve (39) is incorpora- 
ted however, to avoid transient extremes of pressure 
causend by the end stops damaging the input or output 
discs (3, 4). Means (57) are also provided enabling elec- 
trical operation of the control valve (23) to be overridden 
in an emergency. 
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TITLE MODIFIED 

1 see front page 

CONTINUOUSLY VARIABLE RATIO TRANSMISSIONS 
Tfciis invention relates to continuously variable ratio 

* 

transmissions and more particularly to control systems for 
transmissions of the "rolling friction" type wherein rotatable 
elements engage one another in a rolling relationship capable 
of variation to vary the ratio between an input member and 
an output member of the transmission. 

In an example of such a transmission tiltable rollers 
provide a driving connection between facing surfaces of an 
input disc and an output disc mounted for rotation about a 
common main axis. To change the transmission ratio the 
rollers are steered to a different tilt angle by displacing 
the roller axes out of their equilibrium positions, wherein 

m m 

they intersect the main rolling axis of the discs # until the 
desired ratio is obtained, when the rollers are returned to 
their equilibrium condition. Bach of the rollers exhibits a 
driving torque reaction and the roller steering means, which 
may be hydraulic or mechanical, must balance the total roller 
torque reaction. The transmission ratio is then changed under 
steady load conditions by varying the balancing force to above 
or below that needed to match roller torque reaction. This 
can be achieved by employing a hydraulic control circuit 
having, for example, a double sided piston or an interconnected 
pair of pistons. Force on, say, the double sided piston is 
then determined by the pressure difference between the fluid 
on its two sides, and thus the transmission ratio can be 
controlled by varying the value of this pressure difference. 
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According to one aspect of* the present invention there 
is provided a continuously .variable ratio transmission of the 
rolling friction type, having a hydraulic control circuit 
comprising a source of pressurised fluid, and valve means 
for controlling fluid flow to a pair of outlets each connected 
to a sink by way of a respective flow restriction means, 
characterised in that the difference in pressure in said outlets 
intermediate said valve means and said flow restriction 
is used to balance roller torque reaction and said pre 

is proportional to the actuating force on s 
valve means at least under steady state conditions. 

Preferably the flow restriction means comprise means 
for ensuring equal flow rates through each of said restrictions 
to said sink. Thus the means may, for example, have variable 
flow cross sectional area orifices in order to vary their flow 
resistance to control the flow rate of fluid. Such a 
ment enables the pressure difference in the outlets to be 
proportional to the actuating force at all times, even when 
additional fluid flow is generated in the outlets by move- 
ment of the piston resulting from movement of the rollers 
in response to changed transmission speeds. 

Preferably means are provided to ensure that pressure 
immediately downstream of said flow restriction means is kept 
at or above a datum pressure, whereby hydraulic fluid is 
maintained in each of said outlets irrespective of whether 
they are in communication with said source by way of s 
valve means . 



Moreover it is preferred to include flow control 



means 
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said valve remains substantially constant. This feature 
will be particularly beneficial when said source comprises 
a pump driven directly by an engine so that excessive flow 
rates and consequential pumping losses will be avoided as 



Pressurised fiuid from said source may be used to provide 
the end load on the rolling components of the transmission. 
This method of providing end load has the advantage that the 
relationship between end load and torque transmitted through 
the rolling components, as reflected by the roller torque 
reaction, can be determined over the range of steady state 
operating conditions. Difficulties occur however when the 
rollers are forced under transient conditions to" the extreme 
ends of their operating range, since if mechanical end stops 
are used to limit roller tilt angle the hydraulic roller 
control force would be supplemented by an indeterminate load 
on the mechanical end stops. This results in a mismatch 

the roller control force and the loading on the rolling 
components, and can lead to slippage and possibly damage of 
the rolling surfaces. 

To overcome these difficulties the use of hydraulic 
end stops has been proposed, whereby movement of the rollers 
to tneir extreme tilt angle causes the flow of fluid from 

source to s-inv „ , downstream 

to sink to be severely curtailed of, some hydraulic 

for balancing the roller reaction torque thus causing 
sure in the circuit to rise to provide an adequate 
force to maintain wholly hydraulic control. The high pressure 
is of course also transmitted to the end loading device so 

that tlie nroHofnrm4^AJ -i . j^s . .... ~ 
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torque and end loading is maintained. 

Viewed from a second aspect the invention provides a 
continuously variable ratio transmission of the rolling 
friction type, having a hydraulic control circuit comprising 
a source of pressurised fluid, end loading means for the 
rolling components, and hydraulic end stop means located 

of said end loading means, characterised by 



pressures in the fluid upstream of 
hydraulic end stop means. 

• Although such attenuation means can result in a mismatch 
between end load and roller reaction torque and is thus 
apparently counter productive, the applicants have discovered 
that it is preferable to risk such mismatch if extreme end 
loadings on the rolling components such as during transi 
conditions can be avoided by reducing peak fluid pressures. 



on means can be constituted by an arrange- 
ment such as a known shock alleviator, but could alternatively 
be a simple pressure relief valve for example. 

Viewed from a third aspect the invention provides a 
continuously variable ratio transmission of the rolling 
friction type, having a hydraulic control circuit including 
a source of pressurised fluid, electrically 



controlling fluid flow to means for balancing roller 
torque reaction, and having emergency override means comprising 
means for disabling the electrical operation of said valve 
means and means for effecting operation of the valve means 
by fluid pressure from said source. 

Such an arrangement enables the transmission to continue 



0006690 

- 5 - 

to transmit torque should the electronic unit controlling 
operation of the valve means malfunction. If the trans- 
mission is coupled to an epicyclic gearset to provide a 
plurality of operating regimes, means will be included to 
override the electrical actuation of valves controlling the 
transmission brake or clutch as appropriate to retain drive 
in low regime. 

An embodiment of the invention will now be described 
by way of example and with reference to the accompanying 
drawings in which: 

Figure 1 is a schematic view of a continuously variable 
ratio transmission of the rolling friction type connected 
to an epicyclic gearset; and 

Figure 2 is a hydraulic control circuit for the trans- 
mission of Figure 1 . 

Figure 1 shows a variable ratio transmission 1 of the 
rolling friction type connected to a compound epicyclic gear 
set 2. Transmission 1 comprises a pair of input discs 3. 
Rotation of the discs 3 is communicated to an output disc k 
by rollers 5 which are tiltable inter alia to the positions 
shown in phantom. Output from the variable-ratio trans- 
mission is passed to a first epicyclic gearset 6 and thence 
through a second gearset 7. The carriers of gearsets 6 and 7 
can be locked together by a clutch 8 whilst a brake 9 
provides further control over operation of the gearset 2. 
Output from the transmission is by way of a shaft 10 connected 
to the carrier of gearset 7. 



In Figure 2, a lever 11 is connected to a mechanical 
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torque reaction is transmitted through the linkage to lever 
11, and can act in either direction dependent upon the torque 
flow direction through the transmission. 

Means are provided for exerting a force on lever 11 
thereby to balance and determine roller reaction torque. 
A double acting piston 12 has end portions 13 and 14 
slide in cylinders 15 and 16 respectively and has a central 
portion 17 which receives the end of lever 11 and carries 
a sliding sleeve 18. Cylinders 15 and 16 are fed with 
pressurised fluid by passages 19 and 20 which have respective 
constrictions 21 and 22 which act as dampers on piston motion 
and prevent hunting under steady load conditions. The pressure 
difference across the piston is controlled by a valve means 23. 

A positive fixed displacement pump 24 supplies pressurised 
oil to the circuit, and is driven directly by the engine of 
a vehicle in which the transmission is mounted. The output 
of the pump is used to provide end loading on the rolling 
components by way of a piston cylinder unit shown schematically 
at 25, the piston 26 being part of one of the end discs 3 
engaged by the peripheries of the rollers (Figure 1). 
Downstream of the end loading device 25 the pumped flow passes 
through flow control means 27 which ensures that the flow 

» 

rate through the valve means 23 remains substantially constant, 
although the pump output may be varying by up to eight times 
this flow rate due to variations in engine speed. Plow control 
means 27 operate by passing flow to the valve means 23 through 
a constricted orifice 28; the pressure drop across the orifice, 
ch is proportional to the flow rate, creates a pressure 
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into communication with a conduit 30 which supplies oil to 
a lubrication system for the transmission. This partially 
vents the pump output, and the spring rate acting on piston 
29 is such that sufficient of the pump output can be 
diverted into conduit 30 to ensure that the flow rate through 

constricted orifice 28 can be maintained within the required 
limits . 

Wider normal circumstances all the flow passing through 
orifice 28 will then proceed to the sleeve 18 where it enters 
an annular passage communicating with passage 31 , as shown , 
or with passage 32 when the sleeve is at the other end of 
its travel. Either passage 31 or passage 32 is normally in 
communication with passage 33 leading to valve means 23. 
As the sleeve is displaced by movement of lever 11 to its 
extreme left hand (as viewed) position however, corresponding 
to an extreme tilt angle of the rollers, passage 31 commun- 
icates with passage 33 only by way of the now constricted 
orifice 3k as shown. This effectively produces a blockage 
in the oil flow and causes a build up of pressure upstream 
of the orifice 3k. The increased fluid pressure then acts 
on shoulder 35 of the sleeve to force it to the right 
(as viewed), thereby preserving an opening at 3k and 
moreover providing a hydraulically determined force limiting 
lever movement and hence roller tilt angle, balancing roller 
ction torque. When the lever and rollers are at the 



other end of their travel, communication between passages 
32 and 33 will be restricted at orifice 36 to provide the 
required limiting force by way of pressure build up on should 
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the roller tilt angle control, and hence the relationship 
between roller reaction torque and end loading by way of* 
piston cylinder unit 25 is predetermined Tor the vast majority 
or operating circumstances, and damage through roller sli 
effectively obviated. 

Excessive circuit pressure is guarded against by a 
high pressure blow-off valve 38 which communicates with a 
fluid sink comprising the oil sump which is at a base pressure 
Because the blow-off valve 38 is located downstream of the 
hydraulic end stop arrangement, it cannot act to relieve 
pressure upstream of orifices 3k or 36 if, for example, 
lever movement causes these orifices to be completely closed 
such as in the event of there being shock loadings on the 
transmission. This is considered desirable in as much as 
it means that the valve 38 cannot reduce the force produced 
by the hydraulic end stops by reducing the maximum pressure 
available for acting on shoulder 35 or 37; if it were other- 
wise the lever force might overcome the hydraulic end stops 
and be restrained by the mechanical stops, resulting in a 
roller torque which is higher than ideal for the end loading 
available from unit 25. Roller slippage could result, with 
possible damage to the rolling surfaces. Such has been the 
extent of thinking hitherto. 

The provision only of such a high pressure blow-off 
valve as 38 has, however, a disadvantage. The applicants 
have discovered that under certain conditions pressure upstream 
of the hydraulic end stops can rise to such an extent as to 
damage the rolling components by the application of excessive 
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p* j *v :v-r? Jr. fciio circuit upstream of the end .siopa, 
cc v; f"^; ai? ultra-high pressure blow-off or pressure relief 
valvo 39 to the sump. When valve 39 opens, some of the 
pressure rise that would otherwise occur is attenuated so 
that the force exerted by the hydraulic end stops may not 
match the force required to balance the lever 11. In this 
case the force on the lever will be due to the hydraulic 
end stops and also to the mechanical end stops so that a 
mismatch between end load and lever force occurs and roller 
slippage pay result. 

The pressure rating of the valve is such however, that 
only those peak pressures likely to cause damage to the rolling 

• 4 

components by way of excessive end loadings are attenuated; 

below these pressures the no-slip conditions are retained. 

It will be appreciated that at the peak pressures referred 

to, which will be essentially of a transient nature, the 

risks of damage caused by slippage are of less significance 

than damage such as a cracking disc, which can result from 

excessive end loading. Instead of an ultra- high ptressure 

blow-off valve other means, such as a gas-filled shock 
alleviator, could of course be used. 

Valve means 23 includes a spool 40 normally activated 
by an electro-magnetic device (not shown) which is controlled 
by an electronic logic circuit. The valve has a pair of 
outlets ^1 and hz which are connected to passages 19 and 20 

> 

respectively. A pair of passages feed fluid pressure in 
the respective outlets back to the valve means so that 
a force is exerted on the spool '*0 proportional to the 
pressure difference in the outlets. This is balanced by the 
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actuating force on the spool, and Mils arra a^on i; will, on 
its own provide that at leant undor steady state conditions 
the pressure difference across the piston, and hence the 
lever force, is proportional to the actuating force on the 
valve spool. This is in turn proportional to the voltage 
across the electro-magnetic means. 

Flow from the outlets 41 and 42 then passes to tlie 

i 

sump by way of flow equalisation means 43 and means for ensuring 
that pressure in each outlet always exceeds a datum level, 
comprising a very low pressure valve 44. Valve 44 ensures 
that at no time will fluid drain out of either of passages 
19 or 20 if for example they become isolated from the pump 
by valve means 23, since otherwise there could be a delay 
in subsequent control functions if the passage and cylinder 
15 or 16 had to be re-filled with fluid. 

Plow equalisation means 43. ensures that the flows through 
each of the passages 45 and 46 are equal; this ensures that 
the actuating force on spool 40 is always proportional to 
the pre s sur e difference in the outlets 4l and 42, even when 
the piston moves. The flow equalisation means operates by 
subjecting each of interconnected pistons 47 and 48 to the 
pressure difference across a respective flow restricting 
orifice 49 and 50. The pressure difference in each case 
will be proportional to the flow rate through the orifice, 
and the flow rates are adjusted by movement of the pistons 
to vary the flow cross sectional areas of orifices 51 and 
52. The interconnected pistons thus move until they are in 
equilibrium which is to say the flow rates through orifices 
49 and 50 are equalised. 
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Solenoid controlled valves 53 and 5 4 control hydraulic 
actuation or the brake 9 and clutch 8 respectively and are 
connected to the pomp output by way or a non-return valve 
55. Valve 55 ensures that operating pressure is maintained 
in the valves at all times, including occasions when pump 
output drops, by storing up peak pump pressures. Slippage 
of the clutch and brake are thereby avoided. A control valve 
56 connected to a manual selector lever (not shown) such as 
that used in conventional automatic gearboxes, isolates the 
clutch and brake when the lever is in the "Park" and 
"Neutral" positions. 



The remaining facility of the circuit is an emergency 
override or "get you home" arrangement. This will be used 
for example in the event of a malfunction in the electronic 
logic circuit. Operation of a control on the vehicle's 
dashboard will serve firstly to disable the electrical 
operation of the various valves in the hydraulic circuit 
whilst energising the solenoid controlling the brake to 
actuate that component, and secondly to operate a valve 
57 in the hydraulic circuit. Operation of valve 57 connects 
the passage 19 to the sump and supplies fluid at pump 
pressure to passage 58. This causes valve spool kO to be 
thrust, to the right as viewed, by piston 59 against the .action 
of spring 6o, which directs the majority of the oil flow 
into outlet '-12 and via orifices 50 and 52 and datum, valve 
kk to the sump. Orifices 5 0 and 52 being effectively 
fixed generate a pump output pressure proportional to pump 
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-:pec.d on the ri.;:r.fc .vide of piston 12. Tn addition, 

riu-Lrt iMxdor pressure is fed via non-re tuiui valve 63 to the 

vtilvo ECiii^s thus by-pa.ssing tho flow control means 27 

which is isolated from the valve means 23 by valve 61 . Flow 

of fluid for lubrication purposes is provided via a non-return 
valve 62 • 

In operation this override facility causes an actuating 
force to be exerted on piston 12 in proportion to engine 
speed which in turn causes the force on the lever 11 and 
hence transmission torques to be proportional to engine 
speed. The proportionality depends on the sizes of orifices 
50 and 52 which are sized to give reasonable driving torques 
without excessive engine speeds. The transmission will 
remain in low regime since the brake is always actuated 
while the clutch is not, and thus the speed is the vehicle 
will be limited. The facility will however enable the driver 
to proceed to a garage or service area in the event of 
electrical malfunction. 
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1 . A continuously variable ratio transmission of the rolling 
friction type, having a hydraulic control circuit 
comprising a source of pressurised fluid, and valve 
means for controlling fluid flow to a pair of outlets 
each connected to a sink by way of a respective flow 
restriction means, characterised in that the difference 
in pressure in said outlets ^'intermediate said valve 
means < and said flow restriction means, is used to 
balance roller torque reaction and said pressure diff- 
erence is proportional to the actuating force on said 
valve means at least under steady state conditions. 

2. A continuously variable ratio transmission- as claimed 
in claim 1, characterised in that said flow restriction 
means , include means /for ensuring equal flow rates 
through each of said restrictions to said sink. 

3. A continuously variable ratio transmission as claimed 
in claim 2, characterised in that said means^or en- 
suring equal flow rates includes an orific^ of variable 



flow cross-sectional 

^. A continuously variable ratio transmission as claimed 

in claim 1, 2 or 3, characterised by meajSffor ensuring 
that pressure immediately downstream of said flow 
restriction means^ is kept at or above a datum pre 

5. A continuously variable ratio transmission as claimed 

^ & (Z7) PrededJ nS claim » characterised by flow control 
means, for ensuring that the flow rate of fluid 
passing through said valve means ^remains subs 
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on as claimed 



A continuously variable ratio transmissi 
in any preceding claim, characterised in that 
said source comprises a pum|f driven at 
ortional to the input speed of the transmission^ 
A /continuously variable ratio transmission as claimed 

in any preceding claim, characterised in that said 

(2D 

valve means^is actuated by electro-magnetic means 

controlled by an electronic logic circuit. 

A continuously variable ratio transmission of the 



rolling friction type, having 



circuit 



a source 



a hydraulic control 
of pressurised fluid, 



ding means for the 
stop means located 



means, characterised by means, for attenuating peak 



of said end loading 



pressures in the fluid 
stop means(/Sj. 



upstream of said hydraulic ena 



A continuously variable ratio transmission as claimed 
in claim 8, characterised in that said attenuating 
means comprises a pressure relief valveV^X 
A continuously variable ratio transmission as 
in claim 8, characterised in that said attenuating 
means comprises a shock alleviator. 

A continuously variable ratio transmission as claimed 



in claim Jo, charac 



Lsed in that said shock alleviator 



includes a resejroir of compressible fluid. 
A continuously variable ratio transmission as claimed 



in any one of claims 8 to 11, characterised by means 
for maintaining fluid in said circuit downstream of 
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A continuously variable ratio transmission of the 
rolling friction type, having a hydraulic control 



circuit Including a source of 

* 

electrically operated valve 



pressurised fluid, 



means controlling fluid 



flow to means for balancing roller torque reaction, 
and characterised by 
means for disabling the electrical operation of said 
valve means and means (57) for effecting operation of 



means by fluid pressure from said source (zk) . 
A continuously variable ratio transmission as 
claimed in claim 13, characterised in that the trans- 
mission (1) can operate in one of a plurality of 
and in that means are provided to override the regime 
selection controls to retain the transmission in a 
predetermined regime . 

A continuously variable ratio transmission as claimed 
in claim 13 or 1k, characterised in that said valve 
means (23) is actuated by a resiliently biased piston 
cylinder unit (59, 60) in communication with said 
source (2k). 

A continuously variable ratio transmission as claimed 
in claim 13, 14 or 15, characterised in that said 
torque reaction balancing, means include a double sided 
piston (12), and in that said override 



connect one side of said piston (13) to base pressure. 
A continuously variable ratio transmission as claimed 
in any one of claims 13 to 16, characterised in that 



means 



said override means (59, 60) apply to said valve 
a bias sing force variable proportionally «ith the input 
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FIG. 1. 
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FIG.2. 
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